SUMMARY The case reports of 102 patients with subdural empyema, diagnosed in the years 1935-83, were reviewed to determine the factors affecting the outcome. Statistical analysis (likelihood ratio tests with chi square approximation and logistic regression) showed that year of diagnosis (p < 0.01) and level of consciousness at the moment of diagnosis (p < 0 01) had a significant bearing on the chance to survive and that these same two factors (each factor p < 0O01) and extent of subdural pus accumulation at the moment of diagnosis (p < 0-05) had a significant bearing on the chance of survival without severe disability. Among others the duration of the disease up to the moment of diagnosis and the mode of the first surgical procedure had no significant bearing on the outcome. These results together with those in the literature are discussed and it is concluded that diagnosis and treatment before the patient lapses into stupor or coma, increases the chance of survival and that with adequate management a mortality rate of 10% or lower is to be expected.
The outcome for each patient, mentioned in the clinical or outpatient chart, was graded according to a scale that was designed for this study (table 7) . Grade A comprises patients who survived without or with a minor, not disabling, focal deficit. Grade B comprises patients with not disabling seizures during follow-up and without or with a minor, not disabling, focal deficit. Grade C comprises patients who survived severely disabled and Grade D patients who died.
Statistical analysis (likelihood ratio tests with chi square approximation and logistic regression) was performed to determine which factors up to the time of diagnosis had a significant influence on the outcome.
Results
In the years 1935-83 a mean of 0-7 patients per annum in each centre was diagnosed. The incidence did not decrease in recent years (table 1). In table 2a and 2b the aetiology and the age of the patients are presented. Paranasal sinus infections were the most common cause of subdural empyema (59%). The category miscellaneous includes among others local osteomyelitis of the skull, infections of the lungs and skin (paronychium and panaritium) and three cases with unknown aetiology. Subdural empyema was encountered at every age, but most patients were in the second (32%) or third decade (28%). Seventyeight per cent of the patients were male.
Symptoms and signs A disturbance of consciousness was the presenting neurological sign in 55% of the patients, seizures in 16% and hemiparesis in 12%. In 21% of the patients the diagnosis was established within 2 days of the first neurological sign, in 64% within 1 week and in 93% within 4 weeks. At the time of diagnosis 84% of the patients had a disturbed level of consciousness (table  3) . Nearly half of the patients had a severe disturbance of consciousness (stuporose 22% and comatose 24% (table 4) ). Hemiparesis was present in 84% of the patients at the time of diagnosis and seizures had occurred in 54%. Nuchal rigidity was found in 82% of the patients. Nearly all patients had a high temperature (96%) and in about half of them the temperature was more than 40°C. Most patients were severely ill (78%) and complained of headache (85%).
Treatment
Ninety-two patients were operated upon and treated with antibiotics; five patients were treated before the introduction of the antibiotics; one patient was treated nonsurgically. In four patients the subdural empyema was diagnosed at necropsy. About the same number of patients were primarily treated with one or more burr holes (46 patients) as with a craniotomy (47 patients) and in three patients the mode of the first surgical procedure was not known (table 5) . Fifty per cent of the patients primarily treated with burr holes, were operated upon again (61% of them within 1 week of the first operation). Only 21% of the patients primarily treated with craniotomy, however, underwent a second operation (80% of them more than 1 week after the first operation).
Extension of the pus at the time ofdiagnosis In 79 patients (78%) the subdural pus was located over one or two cerebral lobes and/or along the falx. The most common location was over the frontal lobe. (table 7) . In this table the number of patients in each grade is also indicated. Grade A comprises 40 patients (39%). Nine of these patients had minor, not disabling, focal deficits. Twenty-two patients (22%) had seizures during follow-up (Grade B). The seizures occurred sporadically and could be handled easily. Minor, not disabling, focal deficits were present in five of these 22 patients. Fourteen patients (14%) survived severely disabled (Grade C). Seven of these 14 patients had seizures and in five of them the seizures were difficult to manage. Nine of these 14 patients had signs of an organic psycho-syndrome (in seven of them these signs were severe) and 11 patients had focal deficits (in eight of them these deficits were severe). The mortality rate (Grade D) in this series was 26%.
Factors affecting the outcome The bearing on the mortality (Grade D) and on severely disabled survival or mortality (Grade C or D) of 16 factors up to the time of diagnosis was statistically analysed (table 8) .
The year of diagnosis and the level of consciousness The level of consciousness at the time of diagnosis also had a highly significant relation with the outcome. The chance of survival without severe disability decreased from 81% in patients with no impairment of consciousness to 38% in patients who were comatose at the time of the diagnosis (table 4) .
The extent of the subdural pus accumulation, as determined at the time of diagnosis, had a highly significant bearing (p < 0 01) on the combined rate of mortality and severely disabled survival. Logistic regression revealed that this influence could partly be explained by the dependence between the extent of the subdural pus accumulation and the level of consciousness at the time of diagnosis. However, there was still a significant influence (p < 0-05) after correcting for year of diagnosis and level of consciousness at the time of diagnosis. The patients with a diffuse subdural pus accumulation (over a whole hemisphere or over both hemispheres) had a lower rate of survival without severe disability than the patients with a localised accumulation (over one or two cerebral lobes and/or along the falx) (table 6). The period between the time the first neurological symptom presented and the time of the first neurological examination, the level of consciousness at the time of the first neurological examination, signs of 1139 herniation at the time of diagnosis and the results of the cultures of the subdural pus had also a significant bearing (p < 0-05) on the outcome (table 8) . Logistic regression, however, revealed that the influence of these four factors was not independent.
The mode of the first neurosurgical procedure had no significant bearing on the outcome. Further analysis, relating the outcome with the level of consciousness at the time of diagnosis and the mode of the first surgical procedure (table 9) suggested that primary treatment with craniotomy in patients with a normal or a slightly disturbed level of consciousness at the time of diagnosis resulted in a slightly better outcome than primary treatment with burr holes. However, stuporose or comatose patients primarily treated with a craniotomy had a slightly worse outcome than patients primarily treated with burr holes.
Summarising, these results indicate that, in retrospect, year of diagnosis and level of consciousness at the time of diagnosis suffice to make a prognosis about the chance of survival and that these same two factors and extent of subdural pus accumulation at the time of diagnosis suffice to make a prognosis about the chance of survival without severe disability.
Discussion
Delay in diagnosis and treatment (prompt surgical treatment and antibiotics) has always been considered to be the main cause of the high mortality rate in patients with subdural empyema.145 12 Recently it has been stressed that the type of the first surgical procedure has also an important bearing on the outcome. 4 According to this study the mortality rate of the patients, primarily treated with burr holes, is about three times higher than in the group of patients primarily treated with craniotomy. In the current series year of diagnosis and level of consciousness at the time of diagnosis had a significant bearing on the chance of survival and these two factors and extent of subdural pus accumulation had a significant bearing on the chance of survival without severe disability.
Age of the patient and aetiology of the subdural empyema had no significant bearing on the outcome in this series. Other series, however, indicated a better the time elapsed between the first neurological sign and the time of diagnosis had no significant bearing on the outcome in the current series. This finding can be explained by assuming that the clinical picture can run an acute or subacute course. Others have also mentioned this difference in the clinical course and suggested also that the patients with a more protracted course had a better outcome than the patients with an acute course.5 11 12 It is conceivable that in the group with a protracted course the number of patients with a severe disturbance of consciousness at the time of diagnosis is lower than in the group with an acute course. This will result in a lower mortality rate.
In the current investigation patients with a severe disturbance of consciousness at the time of diagnosis had a significantly worse outcome than the patients with a normal or slightly disturbed level of consciousness. The chance of survival without severe disability decreased from 81% in patients without any disturbance of consciousness to 38% in the group of patients who were comatose at the time of diagnosis and the mortality rate increased from 6% to 42%. Comparable figures have been found by others.4 These findings stress the importance of diagnosing a subdural empyema before the patient lapses into stupor or coma. Also it can be concluded that the number of patients with a severe disturbance of consciousness has to be known in order to allow a reliable comparison between different series.
The mode of the primary surgical procedure had no bearing on the outcome in the current series, although a second operation was more often performed in the group primarily treated with burr holes than in the group primarily treated with a craniotomy. This finding is different from the conclusion of a recent study, comprising a series of 66 patients and a review of the literature.4 In this study it was concluded that the primary performance of burr holes has a negative bearing on the outcome. It has also been suggested that burr holes contribute to a higher rate of severely disabled survival. 6 The explanation for these different conclusions is not clear, but some points can be made.
In the first place the lower number of patients with a severe disturbance of consciousness (21 %)4 compared with the number in the current series (47%) may partly explain this discrepancy. The results of the current investigation suggest that the preferred mode of operation depends on the level of consciousness at the time of diagnosis (no or a slight disturbance of consciousness: craniotomy; severe disturbance of Mauser, Houwelingen, Tulleken consciousness: burr holes). In the past this preference for burr holes as the primary procedure in severely ill patients has also been noticed. 13 14 A second point to be made is the composition of the subdural pus. In the acute stage the pus is fluid and forms a thin, extended layer in the subdural space, whereas in the chronic stage the pus is encapsulated in pockets. 11 15 In the latter case craniotomy is probably to be preferred because multiple pockets of pus are more difficult to remove with burr holes. '2 16 In acutely ill patients, however, the thin layer of fluid pus can probably be removed as effectively with a craniotomy as with well-placed burr-holes (guided by aetiology, clinical picture and results of CT scanning). It is not conceivable that an extensive accumulation of subdural pus can be completely removed with either method. Leaving behind small accumulations of subdural pus is probably not hazardous for the patient because with adequate antibiotic treatment small accumulations of pus can disappear without further operation.'2 17 This has recently also been documented in a few nonsurgically treated patients.' 8 19 In the group of patients with pus over the whole hemisphere or over both hemispheres at the time of diagnosis the chance of survival without severe disability was significantly decreased compared with the group with a localised accumulation of pus. The literature contains no further information about this point, although it has been noticed that bilateral spread is common in severely ill patients.' 12 The worse outcome with an extensive accumulation of pus may be explained by assuming that this large extent reflects a wide spread pachymeningitis interna and consequently an extensive involvement of the adjacent cortex.
In recent years the mortality rate of subdural empyema has decreased. In a review in 1975 a mortality rate of about 40% was mentioned,' but in series after 1980 the mortality rate ranged from 12-29%.2-11 It has been stated that a mortality rate of about 10% is to be expected nowadays. 4 The current investigation confirms this statement with a mortality rate of 7% in the years 1971-80. It was also noted, however, in this study, that the severely disabled survival rate has increased in recent years, especially in patients with an acutely deteriorating illness. This increase has not been mentioned by others. 46 The cause of the decreased mortality rate is not clear. It has been argued that a radical removal of pus by craniotomy at the earliest possible stage would be the most important step decreasing the mortality rate.4 However, this point of view is not supported by the results of the current investigation. Other factors must be responsible for this decrease. Among unrecognised factors, the introduction of CT, facili-Factors affecting the outcome in subdural empyema tating the diagnosis and management of subdural empyema5 'o and the recognition of anaerobes as a common causative microorganism in subdural empyema20 may have contributed to this decrease. In cerebral abscesses the recognition of anaerobes has led to a decrease of the mortality rate.21 22 
Conclusions
The level of consciousness and the extent of the subdural pus at the time of diagnosis have a significant bearing on the outcome. Diagnosis and treatment, before the patient lapses into stupor or coma, will increase the chance of survival. In patients with no or slight impairment of consciousness, craniotomy may be the preferred mode of operation, whereas in stuporose or comatose patients multiple burr holes may be the preferred mode of operation. Besides operation antibiotic treatment, directed also against anaerobes, has to be started immediately. This management will probably result in a mortality rate of about 10% or even lower, but may also result in a higher rate of severely disabled survival in patients with an acute deteriorating illness.
